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memory string comprising a plurality of memory cells and a
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dummy transistor to an erased state and a dummy transistor
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20 Claims, 16 Drawing Sheets




US 9,064,598 B1

Sheet 1 of 16

Jun. 23, 2015

U.S. Patent

LE

sa4ng
e1eQ 0/1 0/1
q¢— 034 '1°0 934 VO Mw
, ~PPY
£— a3 v/s s
BG
M "woy J9|[0nu0D
D3y vd
Aelly (180
—.l\1
Alowsy J19ALIG 310
M/03d v
Moy jo13u0D) |o43u0) Jd/
~ | eo%uenbeg o180 ETY
el asn4 WOY ey J } 30/
B L 9
JojeJausry
)
8
___ | "OId
diyd ANVYN: QL

0/1



US 9,064,598 B1

Sheet 2 of 16

Jun. 23, 2015

U.S. Patent

a8 v/S Javv/sS | .- | 7a®V/S 1avv/s | ¢
] U i | 1
I T mp 1 S'1d
T =y F ................. — :
! B aos !
B R T
! o] | M |
! Hd m n__:m ﬂ: _m_: _n__: m
! £QOWHH T | A egTm | | A
L ox1g L v “ : :
| —t———H i Tt—
! ISl 0M ]
i e m _H__““ ; _H__"“ ﬂ“““ _H__““ “ 19pooa(]
; IRl 0IMa “ Mo
m oLar ﬁ__ | n"_ _n__“ _n__“ m d
! 09SH ] C' SDS 5 C m .
i SEERED) - m
................................. X A
L 1ng
L uyg |
u1g |-u1g 1g 019
"
|

¢ Old



U.S. Patent Jun. 23,2015 Sheet 3 of 16 US 9,064,598 B1

FIG. 3
CELSRC t t
sas =§ =I_[/-sc;o
||||:| u::l ~
w2 — i “l-./ MC2
WLn=2 Hr’ ==|—'_/~MCn—2
WLn—1 “::I ==|I:I_/—MCI’]_1
WL ||::l ub/‘MCn
n Il\r__| IIII:I L MO+
WLn+1 H::I ="
—MCn+2
WLn+2 HL‘ HH/ 4
L6 H,- H,-l/—Mom
DWLA1 "::, "::I

BLn—1 Bln



U.S. Patent Jun. 23,2015 Sheet 4 of 16 US 9,064,598 B1

FIG. 4

A:BINARY DATA STORAGE

number of cells

1 T v
ov AV VREAD

B:FOUR-LEVEL DATA STORAGE
number of cells

h

“1 1 ” '

01” “00” “10”
\\fava¥a
T BTRI CH T

AR
AV BV CVv

VREAD

FIG. 5

( START )

ERASE OPERATION |—S11°

S12°

ERASE
VERIFY OPERATION
PASSED?

No



U.S. Patent Jun. 23,2015 Sheet 5 of 16 US 9,064,598 B1

FIG. 6 Ve_d Ve Ve_d

Floating (1V) (0}/) (1V) Floating
SGS DWLO rWLO WL1 WL61 WL62 WLﬁg DWL1 SGD

Ly S O e APON y  y  py Y y BO
SG0O DTO MCO MCH MC61 MC62 MC63 DT1 SGI

FIG. 7 wud w Vv.d
(5V) (V) (5V)

SGS DWLO WLO WLI WL61 WL62 WL63 DWL1 SGD

L Ll

(N oy Y oy Y NN o Iy Oy BN
SGo0 DTO MGO MC1 MC61 MC62 MC63 DT1  SGt

CELSRC BL

FIG. 8

Vth

V2V (€172 S N RSO

ERASED STATE

DTO MCO  -------- MC63 DTI
FIG. 9

Erase loop

W/E cycling



U.S. Patent Jun. 23,2015 Sheet 6 of 16 US 9,064,598 B1

HIG- 10 €D

ERASE OPERATION —S11

S12 ERASE
VERIFY OPERATION

PASSED?

S13

OPERATION NUMBER

S14

n> ERASE
OPERATION
NUMBER?

S15

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

16— DUMMY TRANSISTOR
ERASE OPERATION <
S17 DUMMY
TRANSISTOR ERASE VERIFY

OPERATION PASSED?

S18

ERASE
VERIFY OPERATION
PASSED?

END



U.S. Patent Jun. 23,2015 Sheet 7 of 16 US 9,064,598 B1

FIG. 11
Erase loop
DUMMY TRANSISTOR
DEGRADATION DETERMINED
n ______________________________ : | _____________
W/E cycling

FIG. 12

Vdv_d Vdv_d

(5V) VREAD (5V)

SGS DWLO WLO WL1 WL61 WL62 WL63 DWL1 SGD

llll Ll

R U e L
G0 DTO0O MCO MCt MC61 MC62 MC63 DTI1

CELSRC BL
FIG. 13
Vde_d Vde_d
Floating (0~1V) Floating or VREAD (0~1V) Floating

SGS DWLO WLO WL1 WL61 WL62 WL63 DWL1 SGD

L L Lo U M B
DT0O MCO MC1 M061 MC62 MGC63 DT1 SG1




U.S. Patent Jun. 23,2015 Sheet 8 of 16 US 9,064,598 B1

FIG. 14
Vth
ERASED STATE
DTO MCO W -------- MC63 DTI1
FIG. 15
Erase loop

W/E cycling



U.S. Patent Jun. 23,2015 Sheet 9 of 16 US 9,064,598 B1

FIG. 16 Comamr )

ERASE OPERATION —S21

ERAN v
VERIFY OPERATION

PASSED?

A

S22

S23

S24

m > WRITE
/ERASE CYCLE
NUMBER?

S25

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

$26 DUMMY TRANSISTOR
ERASE OPERATION

S27

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

S28

ERASE
VERIFY OPERATION
PASSED?




U.S. Patent Jun. 23,2015 Sheet 10 of 16 US 9,064,598 B1

FIG. 17
A
Erase loop
DUMMY TRANSISTOR
DEGRADATION DETERMINED
m W/E cycling
FIG. 18
Vdv_d0 VREAD Vdv_di
SGS DWLO WLO WL1 WL61 WL62 WL63 DWL1 SGD

Ll LLLL]

DTO MCO MC1 MGC61 MC62 MC63 DT1

CELSRC BL

FIG. 19

Vdv_d Vdv Vdv_d
SGS DWLO WLO WLI WL61 WL62 WL63 DWL1 SGD

L 1| L, L L LT L]
SG0O DTO MCO MC1 MC61 MC62 MC63 DT1 SGi

CELSRC BL




U.S. Patent

FIG. 20

Jun. 23, 2015 Sheet 11 of 16

START

ERASE OPERATION —S31

Y

S32 ERASE

VERIFY OPERATION

US 9,064,598 B1

PASSED?

S33

S34

n> ERASE
OPERATION
NUMBER?

S35

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

DUMMY TRANSISTOR

S36

ERASE OPERATION

S37

DUMMY
TRANSISTOR ERASE OPERATION
NUMBER = MAX?

S38

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

ERASE S39

N VERIFY OPERATION

\ 4




U.S. Patent Jun. 23,2015 Sheet 12 of 16 US 9,064,598 B1

FIG. 21

( START )

ERASE OPERATION —S41

\

S42 ERASE
VERIFY OPERATION

PASSED?

S43

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

DUMMY TRANSISTOR
ERASE OPERATION

S44—]

S45

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

ERASE S46

VERIFY OPERATION
WSED?




U.S. Patent

FIG. 22

Jun. 23, 2015 Sheet 13 of 16

( START )

y

ERASE OPERATION

——S951

S52 ERASE

VERIFY OPERATION
PASSED?

DUMMY
OPERATION PASSED?

TRANSISTOR ERASE VERIFY

US 9,064,598 B1

S53

DUMMY TRANSISTOR

ERASE OPERATION

-S54

END



U.S. Patent Jun. 23,2015 Sheet 14 of 16 US 9,064,598 B1

FIG. 23

FIRST ERASE OPERATION OR
SECOND ERASE OPERATION

—S61

S62 ERASE
VERIFY OPERATION

PASSED?

S63

OPERATION NUMBER

S64

n > ERASE
OPERATION
NUMBER?

S65

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

DUMMY TRANSISTOR
S66—~—  ERASE OPERATION <

S67

DUMMY
TRANSISTOR ERASE VERIFY
OPERATION PASSED?

ERASE S68

N VERIFY OPERATION

WSED?

Y

END



U.S. Patent Jun. 23,2015 Sheet 15 of 16 US 9,064,598 B1

FIG. 24
Ve_d' Ve' Ve_d
Floating (2~5V) (0'~:1V) (2~5V) Floating

SGS DWLO WLO WL WL61 WL62 WL63 DWL1 SGD

| I I T I A
DTO MCO MC1 MC61 MC62 MC63 DT1 SGi
CELSRC Vera(ZOV) BL

FIG. 25

Floating Vde_d Vde_d'  Floating or VREAD  Vde_d' Vde_d Floating
SGS DWLO DWLO' WLO WL62 WL63 DWL1 DWL1 SGD

1 L1 L L_N_I LI LI 1 LI 1
SG0O DTO DTO MCi MC62 MC63 DT1’ DT1 SGI
CELSRC Vera(ZOV) BL
FIG. 26
Vdv d Vdv d Vdv Vdv d' Vdv d

SGS DWLO DWLO' WLO WL62 WL63 DWL1 DWL1 SGD

Ll LLLlL]

RN gy Sy
DTO DTO" MCO MC62 MC63 DT1" DT1 SGI

CELSRC



U.S. Patent Jun. 23,2015 Sheet 16 of 16 US 9,064,598 B1

FIG. 27

Vdv_d0 Vdv_d0' Vdv Vdv_d1’ Vdv_di
SGS DWLO DWLO' WLO  WL62 WL63 DWL1 DWL1 SGD

¢ DTO DTO MCO MC62 MC63 DT1” DT1 SGI

}_JSGL_IL_II_JL_”JI_IL_JI_II_I

CELSRC BL
FIG. 28
Vv Vv
Vv.d  (0V) VREAD VREAD (0V) VREAD Vv_d
SGS DWLO WLO WLI WL61 WL62 WL63 DWL1 SGD

L1 L1 L L1 L1 L1 L1 L1
SGO DT0 MCO MCt1 MC61 MC62 MC63 DT1 SGi

CELSRC BL

FIG. 29

Vv Vv Vv
Vv_.d VREAD (0OV) (0V) VREAD (0V) Vv.d
SGS DWLO WLO WLI1 WL61 WL62 WL63 DWL1 SGD

L L L1, T L1 LT L]
SGO DTO0O MCO MCH MC61 MC62 MC63 DT1  SGI

CELSRC BL



US 9,004,598 B1

1
NONVOLATILE SEMICONDUCTOR
MEMORY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2014-
43990, filed on Mar. 6, 2014, the entire contents of which are
incorporated herein by reference.

BACKGROUND

1. Field

The present embodiments relate to a nonvolatile semicon-
ductor memory device.

2. Description of the Related Art

As an electrically rewritable and highly integratable non-
volatile semiconductor memory device, a NAND flash
memory is known. The memory cells of the NAND flash
memory each include a semiconductor substrate, a charge
accumulation layer formed on the substrate via a tunnel insu-
lating film, and a control gate stacked on the charge accumu-
lation layer via an inter-gate dielectric film. Each memory cell
stores data in a nonvolatile manner using the charge accumu-
lation state of the charge accumulation layer.

The NAND flash memory performs, after an erase opera-
tion of the memory cells, an erase verify operation of verify-
ing whether the memory cells are erased to a desired state. If
the erase verify operation cannot be performed correctly, the
memory cells will be applied repeatedly with the erase volt-
age, which may degrade the memory cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a nonvolatile semiconductor
memory device according to a first embodiment.

FIG. 2 is a circuit diagram of a memory cell array and
peripheral circuits of the nonvolatile semiconductor memory
device according to the first embodiment.

FIG. 3 is a circuit diagram of the memory cell array of the
nonvolatile semiconductor memory device according to the
first embodiment.

FIG. 4 shows the threshold voltage distributions of the
memory cells of the nonvolatile semiconductor memory
device according to the first embodiment.

FIG. 5 is a flowchart of an erase sequence of a nonvolatile
semiconductor memory device according to a comparative
example.

FIG. 6 illustrates applied voltages in an erase operation of
the nonvolatile semiconductor memory device.

FIG. 7 illustrates applied voltages in an erase verify opera-
tion of the nonvolatile semiconductor memory device.

FIG. 8 shows a threshold voltage of the erase sequence of
the nonvolatile semiconductor memory device according to
the comparative example.

FIG. 9 shows the number of erase operation loops of the
erase sequence of the nonvolatile semiconductor memory
device according to the comparative example.

FIG. 10 is a flowchart of an erase sequence of the nonvola-
tile semiconductor memory device according to the first
embodiment.

FIG. 11 shows the condition for determining the imple-
mentation of a dummy transistor erase operation of the non-
volatile semiconductor memory device according to the first
embodiment.
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FIG. 12 illustrates applied voltages in the dummy transistor
erase verify operation of the nonvolatile semiconductor
memory device according to the first embodiment.

FIG. 13 illustrates applied voltages in the dummy transistor
erase operation of the nonvolatile semiconductor memory
device according to the first embodiment.

FIG. 14 illustrates the threshold voltage of the erase
sequence of the nonvolatile semiconductor memory device
according to the first embodiment.

FIG. 15 shows the number of erase operation loops in the
erase sequence of the nonvolatile semiconductor memory
device according to the first embodiment.

FIG. 16 shows a flowchart of an erase sequence of a non-
volatile semiconductor memory device according to a second
embodiment.

FIG. 17 shows the condition for determining the imple-
mentation of a dummy transistor erase operation of the non-
volatile semiconductor memory device according to the sec-
ond embodiment.

FIG. 18 illustrates applied voltages in a dummy transistor
erase verify operation of a nonvolatile semiconductor
memory device according to a third embodiment.

FIG. 19 illustrates applied voltages in the dummy transistor
erase verify operation of the nonvolatile semiconductor
memory device according to the third embodiment.

FIG. 20 shows a flowchart of an erase sequence of a non-
volatile semiconductor memory device according to a fourth
embodiment.

FIG. 21 shows a flowchart of an erase sequence of a non-
volatile semiconductor memory device according to a fifth
embodiment.

FIG. 22 shows a flowchart of an erase sequence of a non-
volatile semiconductor memory device according to a sixth
embodiment.

FIG. 23 shows a flowchart of an erase sequence of a non-
volatile semiconductor memory device according to a sev-
enth embodiment.

FIG. 24 illustrates applied voltages in an erase operation of
the nonvolatile semiconductor memory device according to
the seventh embodiment.

FIG. 25 illustrates applied voltages in a dummy transistor
erase operation of a nonvolatile semiconductor memory
device according to an eighth embodiment.

FIG. 26 illustrates applied voltages in a dummy transistor
erase verify operation of a nonvolatile semiconductor
memory device according to a ninth embodiment.

FIG. 27 illustrates applied voltages in the dummy transistor
erase verify operation of the nonvolatile semiconductor
memory device according to the ninth embodiment.

FIG. 28 illustrates applied voltages in an erase verify
operation of a nonvolatile semiconductor memory device
according to a tenth embodiment.

FIG. 29 illustrates applied voltages in the erase verify
operation of the nonvolatile semiconductor memory device
according to the tenth embodiment.

DETAILED DESCRIPTION

A nonvolatile semiconductor memory device according to
one embodiment comprises: a memory cell array comprising
a plurality of NAND strings arranged therein, each NAND
string comprising a memory string comprising a plurality of
memory cells connected in series, and a dummy transistor
connected to at least one of two ends of the memory string; a
plurality of word lines connected to respective control gate
electrodes of the memory cells; a dummy word line connected
to a control gate electrode of the dummy transistor; a plurality
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of bit lines connected to respective first ends of the NAND
strings; a source line connected to second ends of the NAND
strings; and a control circuit performing an erase sequence,
the erase sequence repeating an erase operation to the
memory cells and the dummy transistor and an erase verify
operation of confirming whether the memory cells and the
dummy transistor are changed to an erased state. The control
circuit is configured to be able to perform, when the erase
verify operation is unpassed, a dummy transistor erase opera-
tion of selectively changing the dummy transistor to the
erased state and a dummy transistor erase verify operation of
confirming whether the dummy transistor is changed to the
erased state.

With reference now to the drawings, nonvolatile semicon-
ductor memory devices according to the present embodi-
ments will be described.

First Embodiment

First, the entire configuration of a nonvolatile semiconduc-
tor memory device according to a first embodiment will be
described. FIG. 1 is a block diagram of the nonvolatile semi-
conductor memory device according to this embodiment.

A NAND flash memory includes a NAND chip 10 and a
controller 11 for controlling the NAND chip 10. The NAND
chip 10 includes a memory cell array 1. The memory cell
array 1 includes a plurality of floating gate memory cells
arranged in a matrix. Each memory cell includes a semicon-
ductor substrate, a charge accumulation layer formed on the
substrate via a tunnel insulating film, and a control gate
stacked on the charge accumulation layer via an inter-gate
dielectric film. The memory cell array 1 may include, as
necessary, a ROM fuse region 1a inaccessible to a user. The
ROM fuse region 1a stores various types of information used
for the control of the device such as in the data write.

The memory cell array 1 includes therearound a row
decoder/word line driver 2a, a column decoder 25, a sense
amplifier/latch circuit 3, a logic control circuit 6, a sequence
control circuit 7, and a voltage generation circuit 8. The row
decoder/word line driver 2a, the column decoder 25, the sense
amplifier/latch circuit 3, the logic control circuit 6, the
sequence control circuit 7, and the voltage generation circuit
8 form a control circuit. They write or read data from the
memory cell array 1 in units of a page.

The row decoder/word line driver 2a drives a word line and
a select gate line of the memory cell array 1. The sense
amplifier/latch circuit 3 includes a sense amplifier circuit S/A
and a data holding circuit DL that provide one-page data. The
sense amplifier/latch circuit 3 provides one-page read data.
The read data is sequentially column selected by the column
decoder 25 and then output to an external I/O terminal via an
1/0 buffer 9. The I/O terminal provides write data. The write
datais selected by the column decoder 26 and then loaded into
the sense amplifier/latch circuit 3. One-page write data is
loaded into the sense amplifier/latch circuit 3. A row address
signal and a column address signal are input via the I/O buffer
9 and then transferred to the row decoder 2a and the column
decoder 25, respectively. A row address register 5a holds an
erase block address in an erase operation and holds a page
address in a write operation or a read operation. A column
address register 55 receives a start column address for loading
the write data before starting the write operation and a start
column address for the read operation. Until a write enable
signal/WE and a read enable signal/RE are changed in a
predetermined condition, the column address register 5b
stores the input column addresses.
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The logic control circuit 6 controls, on the basis of control
signals including a chip enable signal/CE, a command latch
enable signal CLE, an address latch enable signal ALE, the
write enable signal/WE, and the read enable signal/RE, the
input of the command and address and the input/output of
data. The read operation and the write operation are per-
formed with commands. In response to a command, the
sequence control circuit 7 performs a sequence control of the
read operation and the write or erase operation. The voltage
generation circuit 8 is controlled by the sequence control
circuit 7 to generate predetermined voltages necessary for
various operations.

A controller 11 controls the data write and read in a con-
dition suitable for the current write state of the NAND chip
10. Note that a portion of the write operation may be per-
formed on the NAND chip 10 side.

[Memory Cell Array|

Next, a description is given of the memory cell array 1 and
the sense amplifier/latch circuit 3 of the nonvolatile semicon-
ductor memory device according to this embodiment. FIG. 2
is a circuit diagram showing the memory cell array 1 and the
peripheral circuits. FIG. 3 is a circuit diagram showing the
memory cell array 1.

With reference to FIGS. 2 and 3, a NAND string 4 includes
a memory string including 64 memory cells MCO0 to MC63
connected in series, dummy transistors DT0 and DT1 con-
nected to the respective two ends of the memory string, and
select gate transistors SG0 and SG1 connected to the respec-
tive dummy transistors DT0 and DT1. The select gate tran-
sistor SG0 has a source connected to a common source line
CELSRC. The select gate transistor SG1 has a drain con-
nected to a bit line BL. (BL0 to BLn). The memory cells MC0
to MC63 have control gate electrodes connected to respective
word lines WL (WL0 to WL63). The dummy transistors DT0
and DT1 have gate electrodes connected to respective dummy
word lines DWL0 and DWL1. The select gate transistors SG0
and SG1 have gate electrodes connected to respective select
gate lines SGS and SGD. The number of dummy transistors
DT connected to each end of the memory string is not limited
to one. Arbitrary number of dummy transistors DT may be
provided. Alternatively, only one end of the memory string
may be connected to the dummy transistors DT.

The range of a plurality of memory cells MC along one
word line WL is a page as the unit for collectively reading and
writing data. In addition, the range of a plurality of NAND
strings 4 arranged in the word line WL direction forms a block
BLK as the unit for collectively erasing data. In FIG. 2, a
plurality of blocks BLKO0 to BLKn sharing each bit line BL,
are arranged in the bit line BL. direction, thus forming the
memory cell array 1. The word lines WL, the dummy word
lines DWL,, and the select gate lines SGS and SGD are driven
by the row decoder/word line driver 2a.

[Data Storage States of Memory Cells]

Next, the data storage state of the memory cells of the
NAND flash memory according to this embodiment will be
described. FIG. 4 shows the threshold voltage distributions of
each memory cell MC ofthe NAND flash memory according
to this embodiment.

If each memory cell MC ofthe NAND flash memory stores
binary data (1-bit/cell), the threshold voltage distributions of
data are as shown by A: binary data storage in FIG. 4. The
threshold voltage in the negative state corresponds to data “1”
(erased state), and the threshold voltage in the positive state
corresponds to data “0”.

Inaddition, when each memory cell MC of the NAND flash
memory stores four-level data (2-bit/cell), the threshold volt-
age distributions of data is as shown by B: four-level data
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storage in FIG. 4. In this case, from the lowest threshold
voltage, four types of threshold voltage distributions are pro-
vided (E, A, B, and C). These threshold voltage distributions
are allocated four sets of data “11”, “01”, “00”, and “107,
respectively. Here, the threshold voltage distribution E is a
negative threshold voltage state obtained by the collective
block erase in the erase operation. In addition, voltages AR,
BR, and CR between the threshold voltage distributions are
determination voltages in the read operation. The lower limit
voltages AV, BV, and CV of the positive threshold voltage
distributions are determination voltages in the write verify
operation. In addition, a voltage VREAD is a voltage higher
than the upper limit of the highest threshold voltage distribu-
tion C. The read pass voltage VREAD is a voltage applied to
the non-selected word lines WL in the read operation or in the
write verify operation.

[Erase Sequence]

Now, as a basis to describe the erase sequence of the non-
volatile semiconductor memory device according to this
embodiment, an erase sequence in a comparative example of
this embodiment (hereinafter referred to as “the comparative
example”) will be described. FI1G. 5 shows a flow of the erase
sequence in the comparative example.

First, in step S11', the erase operation of changing the
threshold voltage of the memory cells MC to the erased state
is performed.

FIG. 6 shows the voltage application condition of the
memory cell array 1 in the erase operation. The erase opera-
tion is performed in units of a block BLK. In the erase opera-
tion, the sequence control circuit 7 controls the voltage gen-
eration circuit 8 to apply an erase voltage Vera (about 10V to
30V, 20V in FIG. 6) to the well in which the memory cells
MC are formed. In addition, the sequence control circuit 7
controls the voltage generation circuit 8 to apply a voltage Ve
(0V in FIG. 6) via the row decoder/word line driver 24 to all
word lines WL in a selected block BLK. Thus, electrons
accumulated in the charge accumulation layer of each
memory cell MC are discharged to the well side by the FN
tunnel current. Note that for a charge trap type charge accu-
mulation layer, holes are injected from the well side.

In addition, if the memory cell array 1 includes the dummy
word lines DWL, the dummy word lines DWL0 and DWL1
may be applied witha voltage Ve_d (1 VinFIG. 6) higher than
the voltage applied to the word lines WL, as shown in FIG. 6.
This voltage is a stress reduction voltage intended to reduce
the stress in the erase operation for the dummy transistors
DTO0 and DT1.

Next, in step S12', the erase verify operation of confirming
that the memory cells MC are in the erased state is performed.

FIG. 7 shows the voltage application condition of the
memory cell array 1 in the erase verify operation. In the erase
verify operation, the sequence control circuit 7 controls the
voltage generation circuit 8 to apply a word line verify voltage
Vv (0V in FIG. 7) to all word lines WL. The word line verify
voltage Vv is higher than the threshold voltage of the erased
state of the memory cells MC. Then, the select gate lines SGS
and SGD are turned on and the common source line CELSRC
is applied with a positive voltage. The sense amplifier circuit
S/A then detects the charge state of the bit lines BL. The
charge state is based on the current flowing from the common
source line CELSRC side to the NAND string 4. The sense
amplifier circuit S/A thus confirms whether the memory cells
MC are changed to the threshold voltage distribution of the
erased state.

In addition, if the memory cell array 1 includes the dummy
word lines DWL, the dummy word lines DWL0 and DWL1
are applied with a dummy word line read pass voltage Vv_d
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(5 VinFIG. 7). The dummy word line read pass voltage Vv_d
is large enough to render conductive the dummy transistors
DT0 and DT1. In the erase verify operation, the dummy word
lines DWL0 and DWL1 are applied with the positive voltage
Vv_d that is higher than the word line verify voltage Vv
applied to the word lines WL. Here, in the read operation or
the write verify operation, the read pass voltage applied to the
word lines WL is the voltage VREAD that is equal to or more
than the highest threshold voltage that each memory cell MC
may take. Because, however, the dummy transistors DT0 and
DT1 have a threshold voltage close to the erased state in step
S11', the dummy word line read pass voltage Vv_d may notbe
as large as the read pass voltage VREAD in the read operation
or the write verify operation to be able to render conductive
the dummy transistors DT0 and DT1. Thus, the electrical
stress of the dummy transistors DT0 and DT1 in the erase
verify operation may be reduced.

In step S12', it is confirmed whether the erase verify opera-
tion is passed, and when the erase verify operation is
unpassed, then the erase operation in step S11' and the erase
verify operation in step S12' are performed again. Mean-
while, when the erase verity operation is passed, then the
erase sequence is ended.

The above erase sequence may set all memory cells MC to
the erased state in theory. Actually, however, the degradation
of the dummy transistors DT0 and DT1 cause the following
problems.

When the write/erase operation is repeated, the dummy
transistors DT0 and DT1 near the ends of the NAND string 4
are degraded due to the voltages applied to the select gate
transistors SGO0 and SG1 or the like.

When the dummy transistors DT0 and DT1 are degraded,
it is hard to reduce their threshold voltage even with the erase
operation. Therefore, with reference to FIG. 7, in the erase
verify operation, the dummy transistors DT0 and DT1 may
not be rendered conductive even when they are applied with
the dummy word line read pass voltage Vv_d. In this way, the
dummy transistors DT0 and DT1 are not used for the data
hold, but adversely affect the erase verify operation when
they are degraded.

FIG. 8 shows the threshold voltages of the memory cells
MC0 to MC63 and the dummy transistors DT0 and DT1 in the
erase verify operation in the erase sequence of the compara-
tive example. With reference to FIG. 8, when the dummy
transistors DT0 and DT1 are not rendered conductive by the
dummy word line read pass voltage Vv_d, the erase verify
operation is unpassed even when the memory cells MCO0 to
MC63 are in the erased state.

In this case, until the threshold voltage of the dummy
transistors DT0 and DT1 falls below the dummy word line
read pass voltage Vv_d, the erase operation and the erase
verify operation are repeated. Even when the memory cells
MCO0 to MC63 are in the erased state, the erase operation is
repeated, so that the memory cells MC0 to MC63 experience
excessive stress. As a result, the memory cells MCO0 to MC63
are degraded, which reduces the reliability of data held in the
memory cells MCO0 to MC63.

FIG. 9 shows the number of times the erase operation is
repeated in the erase sequence in the comparative example.
With reference to FIG. 9, the y-axis shows the number of
loops for which the erase operation is repeated in one erase
sequence, and the x-axis shows the number of times the
write/erase cycle is repeated to the memory cell array 1.

With reference to FIG. 9, when the number of write/erase
operations is low, the number of loops for which the erase
operation is repeated in the erase sequence increases slowly
due to the degradation of the memory cells MC. However, as
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the number of write/erase operations increases, the number of
loops for which the erase operation is repeated in the erase
sequence increases rapidly due to the degradation of the
dummy transistors DT.

To solve this problem, the nonvolatile semiconductor
memory device according to this embodiment performs an
erase sequence as described below. With reference to FIGS.
10 to 15, the erase sequence of the nonvolatile semiconductor
memory device according to this embodiment will be
described below.

[Erase Sequence According to First Embodiment]

FIG. 10 shows the flow of the erase sequence in this
embodiment.

First, in step S11, an erase operation of changing the
threshold voltage of the memory cells MC to the erased state
is performed. The erase operation is an operation similar to
the erase operation described with reference to FIG. 6, and
thus its description is omitted here.

Next, in step S12, an erase verify operation of confirming
that the memory cells MC are in the erased state is performed.
The erase verify operation is an operation similar to the erase
verify operation described with reference to FIG. 7, and thus
its description is omitted here. In step S12, it is confirmed
whether the erase verify operation is passed. When it is con-
firmed that the erase verify operation is passed and the
memory cells MCO0 to MC63 and the dummy transistors DT0
and DT1 are changed to the erased state, the erase sequence is
ended. Meanwhile, when the erase verify operation is
unpassed, the erase sequence moves to step S13.

In step S13, the number of erase operations performed in
one erase sequence is confirmed. When the number of erase
operations reaches the acceptable maximum value in one
erase sequence, it is determined that further erase sequence
may not allow the erase verity operation to be passed, and the
erase sequence is ended. In this case, the block BLK subject
to the erase operation is stored as the block to which the erase
operation is not performed correctly, and is excluded from the
subjects for the subsequent write/erase operations.

When the number of erase operations does not reach the
acceptable maximum value in one erase sequence, it is con-
firmed at the next step S14 whether the number of erase
operations is less than a predetermined number n. As
described above, as the number of write/erase operations
increases, the number of loops for which the erase operation
is repeated in the erase sequence increases rapidly due to the
degradation of the dummy transistors DT. In the erase
sequence according to this embodiment, it is determined, on
the basis of the number of erase operations in the erase
sequence, whether the dummy transistors DT are degraded.

FIG. 11 shows the number of times the erase operation is
repeated in the erase sequence according to this embodiment.
With reference to FIG. 11, as the number of write/erase opera-
tions increases, the number of erase loops increases. The
predetermined value n of the number of erase loops is set to a
value that is reached when the number of write/erase opera-
tions increases and the dummy transistors DT are degraded.
Specifically, when the number of erase loops is equal to or
more than the predetermined value n, the dummy transistors
DT are degraded and are not changed to the erased state, so
that it is determined that the number of erase loops is
increased.

In step S14, when the number of loops is less than the
predetermined number n, it is determined that the erase verify
operation is unpassed because the memory cells MC are not
changed to the erased state, and the erase operation in step
S11 is performed again.
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Meanwhile, in step S14, when the number of loops is equal
to or more than the predetermined number n, it is determined
that the erase verify operation is unpassed because the
dummy transistors DT are not changed to the erased state.
‘When the number of erase loops for which the erase operation
is repeated in the erase sequence is equal to or more than the
predetermined value n, the erase sequence moves to step S15
and performs the operations as described below.

In step S15, a dummy transistor erase verify operation of
confirming whether the dummy transistors DT are in the
erased state is performed. Thus, it is determined whether the
erase verify operation is unpassed because the dummy tran-
sistors DT are actually not changed to the erased state.

FIG. 12 shows the voltage application condition of the
memory cell array 1 in the dummy transistor erase verify
operation of this embodiment. In the dummy transistor erase
verify operation, the sequence control circuit 7 controls the
voltage generation circuit 8 to apply the voltage VREAD to
all word lines WL. The voltage VREAD ensures that the
memory cells MC are rendered conductive. In addition, the
dummy word lines DWL0 and DWL1 are applied with a
dummy word line read pass voltage Vdv_d (5 V in FIG. 12).
Then, the select gate lines SGS and SGD are turned on and the
common source line CELSRC is applied with a positive volt-
age. The sense amplifier circuit S/A then detects the charge
state of the bit lines BL. The charge state is based on current
flowing from the common source line CELSRC side to the
NAND strings 4. The sense amplifier circuit S/A thus con-
firms whether the dummy transistors DT0 and DT1 are
changed to the threshold voltage distribution of the erased
state. Here, because, as the dummy word line read pass volt-
age Vdv_d, avoltage is applied that is the same as the dummy
word line read pass voltage Vv_d in the erase verify opera-
tion, it is easy to control the voltages of the dummy word lines
DWL0 and DWL1 in the dummy transistor erase verify
operation. Note that after the bit lines BL. are charged, the
voltages are set to the condition as shown in FIG. 12, and the
discharge state of the bit lines BL. based on current flowing
from the bit lines BL side to the NAND strings 4 may be
detected to perform the dummy transistor erase verify opera-
tion.

In step S15, it is confirmed whether the dummy transistor
erase verify operation is passed. When the dummy transistor
erase verify operation is passed, it is determined that the erase
verify operation in step S12 is unpassed because the memory
cells MC are not changed to the erased state, and the erase
operation in step S11 is performed again. Meanwhile, when
the dummy transistor erase verify operation is unpassed, it is
determined that the erase verify operation in step S12 is
unpassed because the dummy transistors DT are not changed
to the erased state, and the erase sequence moves to step S16.

Next, in step S16, a dummy transistor erase operation of
selectively changing the threshold voltage of the dummy
transistors DT, among the memory cells MC and the dummy
transistors DT, to the erased state is performed.

FIG. 13 shows the voltage application condition of the
memory cell array 1 in the dummy transistor erase operation
in this embodiment. In the dummy transistor erase operation,
the sequence control circuit 7 controls the voltage generation
circuit 8 to apply an erase voltage Vera (about 10 to 30V, 20
V in FIG. 13) to the well in which the NAND strings 4 of the
selected block BLK are formed. In addition, the sequence
control circuit 7 controls the voltage generation circuit 8 to
apply the voltage VREAD via the row decoder/word line
driver 2a to all word lines WL in the selected block BLK.
Alternatively, all word lines WL in the selected block BLK
may be set to the floating state. In addition, in this embodi-
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ment, the dummy word lines DWL0 and DWL1 are applied
with a voltage Vde_d (0 V to 1 V in FIG. 13), which is lower
than the voltage VREAD applied to the word lines WL. The
sequence control circuit 7 may also arbitrarily change the
value of the voltage Vde_d. Then, the select gate lines SGS
and SGD are set to the floating state. Thus, electrons accu-
mulated in the charge accumulation layers of the dummy
transistors DT0 and DT1 are discharged to the well side by the
FN tunnel current. Note that for a charge trap type charge
accumulation layer, holes are injected from the well side.

As described in this embodiment, the word lines WL may
be set to a state in which the voltage VREAD is applied or to
the floating state to reduce the stress applied to the memory
cells MCO0 to MC63 in the dummy transistor erase operation.

Next, in step S17, the dummy transistor erase verify opera-
tion of confirming that the dummy transistors DT are in the
erased state is performed. The dummy transistor erase verify
operation is an operation similar to the dummy transistor
erase verify operation described with reference to FIG. 12 and
thus its description is omitted here.

In step S17, it is confirmed whether the dummy transistor
erase verify operation is passed. When the dummy transistor
erase verify operation is passed, then it is determined that the
dummy transistors DT are changed to the erased state, and the
erase sequence moves to the next step S18. Meanwhile, when
the dummy transistor erase verify operation is unpassed, the
dummy transistor erase operation in step S16 is performed
again.

Next, in step S18, the erase verify operation is performed.
The erase verify operation is an operation similar to the erase
verify operation in step S12, and thus its description is omit-
ted here. In step S18, it is confirmed whether the erase verify
operation is passed. When the erase verify operation is
passed, then it is determined that both of the memory cells
MC and the dummy transistors DT are changed to the erased
state, and the erase sequence is ended. Meanwhile, when the
erase verify operation is unpassed, then it is determined that
the dummy transistors DT are changed to the erased state but
the memory cells MC are not changed to the erased state, and
the erase sequence moves to step S11.

[Effects]

According to the erase sequence of this embodiment, it is
determined, on the basis of the dummy transistor erase verify
operation in step S15, whether the erase verify operation in
step S12 is unpassed because the memory cells MC are not
changed to the erased state or the dummy transistors DT are
not changed to the erased state. When it is determined that the
reason is that the dummy transistors DT are not changed to the
erased state, then the dummy transistor erase sequence in
steps S16 and S17 is performed. Specifically, in order to
selectively change the dummy transistors DT that cause the
erase verify operation to be unpassed to the erased state, the
dummy transistor erase operation is performed.

FIG. 14 shows the threshold voltages of the memory cells
MC0 to MC63 and the dummy transistors DT0 and DT1 in the
erase sequence according to this embodiment. Even when the
dummy transistors DT0 and DT1 are degraded and it is hard
for them to change to the erased state, the dummy transistor
erase operation decreases the threshold voltage of the dummy
transistors DT0 and DT1. Then, it is controlled that the
memory cells MCO0 to MC63 do not experience the stress by
the erase voltage Vera. As a result, as shown in FIG. 14, the
threshold voltage of only the dummy transistors DT0 and
DT1 may be decreased and the over-erased state of the
memory cells MCO0 to MC63 may be prevented. Note that the
threshold voltage of the dummy transistors DT0 and DT1
may not be reduced to a level similar to that of the memory
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10
cells MCO to MC63. The threshold voltage may only be
changed to an erased state in which the application of the
dummy word line read pass voltage Vv_d to the dummy word
lines DWL0 and DWL1 may render conductive the dummy
transistors DT0 and DT1.

FIG. 15 shows the number of times the erase operation is
repeated in the erase sequence according to this embodiment.
With reference to FIG. 15, when the number of write/erase
operations is low, the number of loops for which the erase
operation is repeated in the erase sequence increases slowly
due to the degradation of the memory cells MC. In addition,
even when the number of write/erase operations increases and
thus the dummy transistors DT are degraded, the dummy
transistor erase operation of decreasing the threshold voltage
of'the dummy transistors DT is performed, which may reduce
the increase of the number of erase loops. The number of
erase loops is the number of erase operations to the memory
cells MC.

In this way, the dummy transistor erase operation and the
dummy transistor erase verify operation may be performed to
reduce the increase of the number of erase operations to the
memory cells MCO to MC63. As a result, the degradation of
the memory cells MC0 to MC63 may be reduced and the
reliability of data held in the memory cells MCO0 to MC63
may be improved.

The nonvolatile semiconductor memory device of this
embodiment may reduce the degradation of the memory cells
MCO0 to MC63 as well as correctly perform the erase opera-
tion and the erase verify operation.

Second Embodiment

With reference now to FIGS. 16 and 17, a second embodi-
ment of the present invention will be described. The entire
configuration of the nonvolatile semiconductor memory
device in the second embodiment is similar to that in the first
embodiment, and thus its detailed description is omitted here.
In addition, like elements as those in the first embodiment are
designated by like reference numerals, and repeated descrip-
tion thereof is omitted here.

In the first embodiment, the determination whether the
dummy transistors DT are degraded is based on the number of
erase loops. The erase sequence in this embodiment deter-
mines whether the dummy transistors DT are degraded, on
the basis of the number of write/erase operations to the
memory cell array 1, unlike the first embodiment. With ref-
erence to FIGS. 16 and 17, the erase sequence of the nonvola-
tile semiconductor memory device according to this embodi-
ment will be described below.

[Erase Sequence According to Second Embodiment]

FIG. 16 shows a flow of the erase sequence in this embodi-
ment. In the erase sequence in FIG. 16, step S21 to step S23
and step S25 to step S28 are similarto step S11 tostep S13 and
step S15 to step S18, respectively, in the erase sequence in the
first embodiment shown in FIG. 10, and thus their description
is omitted here.

Inthe erase sequence according to this embodiment, in step
S24, it is determined whether the number of write/erase
operations is less than a predetermined number m. As
described above, as the number of write/erase operations
increases, the number of loops for which the erase operation
is repeated in the erase sequence increases rapidly due to the
degradation of the dummy transistors DT. The erase sequence
according to this embodiment determines, on the basis of the
number of write/erase operations to the memory cell array 1,
whether the dummy transistors DT are degraded.
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FIG. 17 shows the number of times the erase operation is
repeated in the erase sequence according to this embodiment.
With reference to FIG. 17, as the number of write/erase opera-
tions increases, the number of erase loops increases. The
predetermined value m of the number of write/erase opera-
tions is set to a value at which the dummy transistors DT are
degraded. Specifically, when the number of write/erase
operations is equal to or more than the predetermined value
m, then it is determined that the dummy transistors DT are
degraded and are not changed to the erased state.

In step S24, when the number of write/erase operations is
less than the predetermined number m, it is determined that
the erase verify operation is unpassed because the memory
cells MC are not changed to the erased state, and the erase
operation in step S21 is performed again.

Meanwhile, in step S24, when the number of write/erase
operations is equal to or more than the predetermined number
m, it is determined that the erase verify operation is unpassed
because the dummy transistors DT are not changed to the
erased state. When the number of write/erase operations is
equal to or more than the predetermined value m, then the
erase sequence moves to step S25 and performs the dummy
transistor erase operation and the dummy transistor erase
verify operation.

[Effects]

Also in the erase sequence according to this embodiment,
the dummy transistor erase operation and the dummy transis-
tor erase verify operation may be performed to reduce the
increase of the number of erase operations to the memory
cells MCO0 to MC63. As a result, the degradation of the
memory cells MC0 to MC63 may be reduced and the reliabil-
ity of data held in the memory cells MC0 to MC63 may be
improved.

The nonvolatile semiconductor memory device of this
embodiment may reduce the degradation of the memory cells
MCO0 to MC63 as well as correctly perform the erase opera-
tion and the erase verify operation.

Note that the number of write/erase operations may be
configured to be held by the sequence control circuit 7 of the
NAND chip 10 or by the external controller 11. In addition, as
the number of write/erase operations, values for each of the
blocks BLK subject to the erase sequence in the memory cell
array 1 may be used. Alternatively, considering that generally
in the NAND flash memory, a wear leveling process is per-
formed to reduce the variation of the number of write/erase
operations for each block BLK, a common value averaged
over all blocks BLK0 to BLKn in the memory cell array 1 may
be used. The number of write/erase operations to the memory
cell array 1 reflects the degraded state of the memory cells
MC and the dummy transistors DT more accurately. The
number of write/erase operations may be used to control the
dummy transistor erase operation and the dummy transistor
erase verify operation, thus allowing the erase sequence
reflects more reliably the degraded state of the memory cells
MC and the dummy transistors DT.

Third Embodiment

With reference now to FIGS. 18 and 19, a third embodi-
ment of the present invention will be described. The entire
configuration of the nonvolatile semiconductor memory
device in the third embodiment is similar to that in the first
embodiment, and thus its detailed description is omitted here.
In addition, like elements as those in the first embodiment are
designated by like reference numerals, and repeated descrip-
tion thereof is omitted here.
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Inthis embodiment, the control of the applied voltage in the
dummy transistor erase verify operation is different from
those in the above embodiments. With reference to FIGS. 18
and 19, a dummy transistor erase verify operation of the
nonvolatile semiconductor memory device according to this
embodiment will be described below. Note that the dummy
transistor erase verify operation according to this embodi-
ment may be applied to any erase sequences in the above
embodiments.

[Dummy Transistor Erase Verify Operation according to
Third Embodiment]

FIG. 18 shows the voltage application condition of the
memory cell array 1 in the dummy transistor erase verify
operation in this embodiment. In the dummy transistor erase
verify operation, the dummy word lines DWL0 and DWL1
are applied with dummy word line read pass voltages Vdv_d0
and Vdv_dl, respectively. The sense amplifier circuit S/A
then detects the charge state or discharge state of the bit lines
BL based on current flowing to the NAND strings 4 and thus
confirms whether the dummy transistors DT0 and DT1 are
changed to the threshold voltage distribution of the erased
state.

The sequence control circuit 7 may separately control the
dummy word line read pass voltages Vdv_d0 and Vdv_dl1. In
addition, the sequence control circuit 7 may also arbitrarily
set the values of the dummy word line read pass voltages
Vdv_d0andVdv_dl. Thus, the dummy transistor erase verify
operation may be controlled finely.

FIG. 19 also shows the voltage application condition of the
memory cell array 1 in the dummy transistor erase verify
operation in this embodiment. In the dummy transistor erase
verify operation, the word lines WL0 to WL63 are applied
with the word line read pass voltage Vdv. In addition, the
dummy word lines DWL0 and DWL1 are applied with the
dummy word line read pass voltage Vdv_d. The sense ampli-
fier circuit S/A then detects the charge state or discharge state
of the bit lines BL based on current flowing to the NAND
strings 4 and thus confirms whether the dummy transistors
DT0 and DT1 are changed to the threshold voltage distribu-
tion of the erased state.

The sequence control circuit 7 may arbitrarily set the value
of the word line read pass voltage Vdv. Thus, in the dummy
transistor erase verify operation, the stress applied to the
memory cells MCO0 to MC63 may be reduced.

[Effects]

Also in the erase sequence according to this embodiment,
the dummy transistor erase operation and the dummy transis-
tor erase verify operation may be performed to reduce the
increase of the number of erase operations to the memory
cells MCO0 to MC63. As a result, the degradation of the
memory cells MC0 to MC63 may be reduced and the reliabil-
ity of data held in the memory cells MC0 to MC63 may be
improved. The nonvolatile semiconductor memory device of
this embodiment may reduce the degradation of the memory
cells MCO to MC63 as well as correctly perform the erase
operation and the erase verify operation.

In addition, according to the nonvolatile semiconductor
memory device of this embodiment, the dummy transistor
erase verify operation may be controlled more finely.

Fourth Embodiment

With reference now to FI1G. 20, a fourth embodiment of the
present invention will be described. The entire configuration
of'the nonvolatile semiconductor memory device in the fourth
embodiment is similar to that in the first embodiment, and
thus its detailed description is omitted here. In addition, like
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elements as those in the first embodiment are designated by
like reference numerals, and repeated description thereof is
omitted here.

In the above embodiments, the dummy transistor erase
operation and the dummy transistor erase verify operation are
repeated until the dummy transistors DT change to the erased
state. In this embodiment, the erase sequence ends the
dummy transistor erase operation when the number of
dummy transistor erase operations reaches the predetermined
value, unlike the above embodiments. With reference to FIG.
20, the erase sequence of the nonvolatile semiconductor
memory device according to this embodiment will be
described below.

[Erase Sequence According to Fourth Embodiment]

FIG. 20 shows a flow of the erase sequence in this embodi-
ment. In the erase sequence in FIG. 20, step S31 to step S36
and step S38 to step S39 are similar to step S11 to step S16 and
step S17 to step S18, respectively, in the erase sequence in the
first embodiment shown in FIG. 10, and thus their description
is omitted here.

In the erase sequence according to this embodiment, in step
S37, the number of dummy transistor erase operations is
confirmed. When the number of dummy transistor erase
operations reaches the acceptable maximum value in the
dummy transistor erase sequence in step S36 and step S38, it
is determined that further dummy transistor erase operation
may apply excessive stress to the dummy transistors DT, and
the dummy transistor erase operation is ended. In this case,
the erase operation in step S31 and the erase verify operation
in step S32 are performed again.

[Effects]

Also in the erase sequence according to this embodiment,
the dummy transistor erase operation and the dummy transis-
tor erase verify operation may be performed to reduce the
increase of the number of erase operations to the memory
cells MCO0 to MC63. As a result, the degradation of the
memory cells MC0 to MC63 may be reduced and the reliabil-
ity of data held in the memory cells MC0 to MC63 may be
improved. The nonvolatile semiconductor memory device of
this embodiment may reduce the degradation of the memory
cells MCO to MC63 as well as correctly perform the erase
operation and the erase verify operation.

In addition, according to the erase sequence of this embodi-
ment, it may be prevented that a large number of dummy
transistor erase operations and dummy transistor erase verify
operations are repeated, thus degrading the dummy transis-
tors DT.

Fifth Embodiment

With reference now to FIG. 21, a fifth embodiment of the
present invention will be described. The entire configuration
of the nonvolatile semiconductor memory device in the fifth
embodiment is similar to that in the first embodiment, and
thus its detailed description is omitted here. In addition, like
elements as those in the first embodiment are designated by
like reference numerals, and repeated description thereof is
omitted here.

In the above embodiment, the dummy transistor erase
operation is performed when the number of erase operations
or the number of write/erase cycles is equal to or more than a
predetermined value. In this embodiment, the erase sequence
performs, regardless of the number of erase operations or the
number of write/erase cycles, the dummy transistor erase
operation when the dummy transistor erase verify operation
is unpassed, unlike the above embodiments. With reference to
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FIG. 21, the erase sequence of the nonvolatile semiconductor
memory device according to this embodiment will be
described below.

[Erase Sequence According to Fifth Embodiment]

FIG. 21 shows a flow of the erase sequence in this embodi-
ment. In the erase sequence in FIG. 21, step S41 to step S42
are similar to step S11 to step S12 in the erase sequence in the
first embodiment shown in FIG. 10. In addition, in the erase
sequence in FIG. 21, step S43 to step S46 are similar to step
S15 to step S18 in the erase sequence in the first embodiment
shown in FIG. 10.

The erase sequence according to this embodiment per-
forms, if in step S42 the erase verify operation is unpassed,
the dummy transistor erase verify operation in step S43 with-
out confirming the number of erase operations or the number
of'write/erase cycles. This omits the operation of determining
whether the erase verify operation is unpassed due to the
degradation of the dummy transistors DT, and performs the
dummy transistor erase operation on the basis of whether the
dummy transistors DT are actually changed to the erased
state.

[Effects]

Also in the erase sequence according to this embodiment,
the dummy transistor erase operation and the dummy transis-
tor erase verify operation may be performed to reduce the
increase of the number of erase operations to the memory
cells MCO0 to MC63. As a result, the degradation of the
memory cells MC0 to MC63 may be reduced and the reliabil-
ity of data held in the memory cells MC0 to MC63 may be
improved. The nonvolatile semiconductor memory device of
this embodiment may reduce the degradation of the memory
cells MCO to MC63 as well as correctly perform the erase
operation and the erase verify operation.

In addition, the erase sequence in this embodiment may
omit the operation of confirming the number of erase opera-
tions or the number of write/erase cycles and determining
whether the erase verify operation is unpassed due to the
degradation of the dummy transistors DT. As a result, the
amount of time necessary for the erase sequence may be
reduced.

Sixth Embodiment

With reference now to FIG. 22, a sixth embodiment of the
present invention will be described. The entire configuration
of'the nonvolatile semiconductor memory device in the sixth
embodiment is similar to that in the first embodiment, and
thus its detailed description is omitted here. In addition, like
elements as those in the first embodiment are designated by
like reference numerals, and repeated description thereof is
omitted here.

In the above fifth embodiment, the dummy transistor erase
operation is followed by the dummy transistor erase verify
operation. In this embodiment, the erase sequence returns,
after the dummy transistor erase operation, to the erase opera-
tion regardless of the state of the dummy transistors DT,
unlike the above fifth embodiment. With reference to FIG. 22,
the erase sequence of the nonvolatile semiconductor memory
device according to this embodiment will be described below.
[Erase Sequence According to Sixth Embodiment]

FIG. 22 shows a flow of the erase sequence in this embodi-
ment. In the erase sequence in FIG. 22, step S51 to step S54
are similar to step S41 to step S44 in the erase sequence in the
fifth embodiment shown in FIG. 21.

The erase sequence according to this embodiment per-
forms, after the dummy transistor erase operation in step S54,
the erase operation in step S51 without performing the
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dummy transistor erase verify operation. The erase sequence
according to this embodiment performs, in step S53, when the
dummy transistor erase verify operation is unpassed, only one
dummy transistor erase operation to the dummy transistors
DT and returns to the erase operation in step S51.

[Effects]

Also in the erase sequence according to this embodiment,
the dummy transistor erase operation and the dummy transis-
tor erase verify operation may be performed to reduce the
increase of the number of erase operations to the memory
cells MCO0 to MC63. As a result, the degradation of the
memory cells MC0 to MC63 may be reduced and the reliabil-
ity of data held in the memory cells MC0 to MC63 may be
improved. The nonvolatile semiconductor memory device of
this embodiment may reduce the degradation of the memory
cells MCO to MC63 as well as correctly perform the erase
operation and the erase verify operation.

In addition, the erase sequence according to this embodi-
ment may reduce the amount of time taken in the dummy
transistor erase operation and the dummy transistor erase
verify operation to the dummy transistors DT. As a result, the
amount of time necessary for the erase sequence may be
reduced.

Seventh Embodiment

With reference now to FIGS. 23 and 24, a seventh embodi-
ment of the present invention will be described. The entire
configuration of the nonvolatile semiconductor memory
device in the seventh embodiment is similar to that in the first
embodiment, and thus its detailed description is omitted here.
In addition, like elements as those in the first embodiment are
designated by like reference numerals, and repeated descrip-
tion thereof is omitted here.

This embodiment sets the erase operation to different volt-
age application conditions on the basis of whether the dummy
transistor erase verify operation is passed, unlike the above
embodiments. With reference to FIGS. 23 and 24, the erase
sequence of the nonvolatile semiconductor memory device
according to this embodiment will be described below.
[Erase Sequence According to Seventh Embodiment]

FIG. 23 shows a flow of the erase sequence in this embodi-
ment. In the erase sequence in FIG. 23, step S62 to step S68
are similar to step S12 to step S18 in the erase sequence in the
first embodiment shown in FIG. 10.

The erase sequence according to this embodiment selects,
when performing the erase operation in step S61, one of the
two different types of voltage application conditions to per-
form the erase operation. In the erase sequence according to
this embodiment shown in FIG. 23, in step S61, one of the first
erase operation and the second erase operation is performed.

The first erase operation in step S61 is an operation similar
to the erase operation described with reference to FIG. 6, and
thus its description is omitted here.

FIG. 24 shows the voltage application condition of the
memory cell array 1 in the second erase operation of this
embodiment. The second erase operation is performed in
units of the block BLK. In the second erase operation, the
sequence control circuit 7 controls the voltage generation
circuit 8 to apply an erase voltage Vera (about 10V to 30V, 20
V in FIG. 24) to the well in which the memory cells MC are
formed. In addition, the sequence control circuit 7 controls
the voltage generation circuit 8 to apply a voltage Ve' (0 V to
1V in FIG. 24) via the row decoder/word line driver 2a to all
word lines WL in the selected block BLK. Thus, electrons
accumulated in the charge accumulation layer of each
memory cell MC are discharged to the well side by the FN
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tunnel current. Note that for the charge trap type charge
accumulation layer, holes are injected from the well side.

In addition, the second erase operation of this embodiment
applies, as shown in FIG. 24, a voltage Ve_d' 2V to 5V in
FIG. 24) to the dummy word lines DWL0 and DWL1. The
voltage Ve_d' is higher than the voltage applied to the word
lines WL. The voltage Ve_d' is larger than the voltage Ve_d
applied to the dummy word lines DWL0 and DWL1 in the
first erase operation (Ve_d'>Ve_d). Such a voltage applica-
tion condition relaxes the stress applied to the dummy tran-
sistors DT0 and DT1 in the second erase operation compared
to the stress applied in the first erase operation.

In step S61, whether the first erase operation or the second
erase operation is performed depends on the states of the
dummy transistors DT0 and DT1. In the erase sequence
according to this embodiment, when returning from step S65
or S68 to step S61, the dummy transistor erase verify opera-
tion is already passed. In this case, further erase operation of
the dummy transistors DT0 and DT1 may further degrade the
dummy transistors DT0 and DT1. Then, when returning from
step S65 or S68 to step S61, the second erase operation is
performed to relax the stress to the dummy transistors DT0
and DT1.

Meanwhile, immediately after starting the erase sequence
or when returning from step S64 to step S61, it is not possible
to determine whether the dummy transistors DT0 and DT1
are changed to the erased state. In this case, the erase opera-
tion is also performed to the dummy transistors DT0 and
DT1. Specifically, immediately after starting the erase
sequence or when returning from step S64 to step S61, the
first erase operation is performed to also perform the erase
operation to the dummy transistors DT0 and DT1.

[Effects]

Also in the erase sequence according to this embodiment,
the dummy transistor erase operation and the dummy transis-
tor erase verify operation may be performed to reduce the
increase of the number of erase operations to the memory
cells MCO0 to MC63. As a result, the degradation of the
memory cells MC0 to MC63 may be reduced and the reliabil-
ity of data held in the memory cells MC0 to MC63 may be
improved. The nonvolatile semiconductor memory device of
this embodiment may reduce the degradation of the memory
cells MCO to MC63 as well as correctly perform the erase
operation and the erase verify operation.

Also, according to the erase sequence in this embodiment,
when the dummy transistor erase verify operation is passed,
in the erase sequence in which the erase operation is per-
formed subsequently, at least the voltages applied to the
dummy word lines DWL0 and DWL1 may be changed to
reduce the stress applied to the dummy transistors DT. As a
result, the degradation of the dummy transistors DT may be
prevented.

Eighth Embodiment

With reference now to FIG. 25, an eighth embodiment of
the present invention will be described. The entire configura-
tion of the nonvolatile semiconductor memory device in the
eighth embodiment is similar to that in the first embodiment,
and thus its detailed description is omitted here. In addition,
like elements as those in the first embodiment are designated
by like reference numerals, and repeated description thereof
is omitted here.

In this embodiment, the nonvolatile semiconductor
memory device comprises NAND strings 4, each having a
first end provided with a plurality of dummy transistors DT
and a second end also provided with a plurality of dummy
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transistors DT, unlike the above embodiments. In this
embodiment, the dummy transistor erase operation of the
nonvolatile semiconductor memory device thus configured
will be described. With reference to FIG. 25, the erase
sequence according to this embodiment will be described
below.

[Dummy Transistor Erase Operation According to Eighth
Embodiment]

FIG. 25 shows the voltage application condition of the
memory cell array 1 in the dummy transistor erase operation
in this embodiment. With reference to FIG. 25, the memory
string including the memory cells MCO0 to MC63 has a first
end connected to dummy transistors DT0 and DT0' and a
second end connected to dummy transistors DT1 and DT1".
The dummy transistors DT0 and DT1 have select gate tran-
sistors SGO and SG1 respectively connected thereto. The
dummy transistors DT0' and DT1' have gate electrodes con-
nected to the respective dummy word lines DWL0' and
DWL1".

In the dummy transistor erase operation, the sequence con-
trol circuit 7 controls the voltage generation circuit 8 to apply
an erase voltage Vera (about 10t0 30 V, 20V in FIG. 25) to the
well in which the NAND strings 4 of the selected block BLK
are formed. In addition, the sequence control circuit 7 con-
trols the voltage generation circuit 8 to apply a voltage
VREAD via the row decoder/word line driver 2a to all word
lines WL in the selected block BLK. Alternatively, all word
lines WL in the selected block BLK may be set to the floating
state.

In addition, in this embodiment, the dummy word lines
DWL0 and DWL1 are applied with a voltage Vde_d and the
dummy word lines DWL0' and DWL1' are applied with a
voltage Vde_d'. Then, the select gate lines SGS and SGD are
set to the floating state. Thus, electrons accumulated in the
charge accumulation layers of the dummy transistors DT0
and DT0'and DT1 and DT1' are discharged to the well side by
the FN tunnel current. Note that for the charge trap type
charge accumulation layer, holes are injected from the well
side.

The sequence control circuit 7 may set the value of the
voltage Vde_d applied to the dummy word line DWL to a
value larger than the voltage Vde_d' (Vde_d>Vde_d'). In
addition, the sequence control circuit 7 may also arbitrarily
set the values of the voltages Vde_d and Vde_d' applied to the
dummy word lines DWL. This may further reduce the stress
in the dummy transistor erase operation to the dummy tran-
sistors DT0 and DT1 of the dummy transistors DT, the DT0
and DT1 being provided nearest to the select gate transistors
SGO and SG1 and easily degraded, while finely controlling
the dummy transistor erase operation.

[Effects]

The configuration of the dummy transistor according to
this embodiment may be applied to any of the above embodi-
ments. According to the nonvolatile semiconductor memory
device of this embodiment, the number of dummy transistors
DT provided in each NAND string 4 may be increased. The
memory cells MC adjacent to the select gate transistors SG0
and SG1 are easily degraded and their reliability are easily
reduced.

According to the nonvolatile semiconductor memory
device of this embodiment, however, the memory cells MC
may be distanced from the select gate transistors SG0 and
SG1, thus improving the reliability of the memory cells MC.

In addition, according to the dummy transistor erase opera-
tion in this embodiment, the dummy transistor erase opera-
tion may be controlled more finely.
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Ninth Embodiment

With reference to FIGS. 26 and 27, a ninth embodiment of
the present invention will be described below. The entire
configuration of the nonvolatile semiconductor memory
device in the ninth embodiment is similar to that in the first
embodiment, and thus its detailed description is omitted here.
In addition, like elements as those in the first embodiment are
designated by like reference numerals, and repeated descrip-
tion thereof is omitted here.

In this embodiment, the nonvolatile semiconductor
memory device comprises NAND strings 4, each having a
first end provided with a plurality of dummy transistors DT
and a second end also provided with a plurality of dummy
transistors DT, like the above eighth embodiment. With ref-
erence to FIGS. 26 and 27, a nonvolatile semiconductor
memory device according to this embodiment and the erase
sequence thereof will be described below.

[Nonvolatile Semiconductor Memory Device According to
Ninth Embodiment]

FIG. 26 shows the voltage in the dummy transistor erase
verify operation of the nonvolatile semiconductor memory
device according to the ninth embodiment.

With reference to FIG. 26, the memory string including the
memory cells MC0 to MC63 has a first end connected to the
dummy transistors DT0 and DT0' and a second end connected
to the dummy transistors DT1 and DT1". The dummy transis-
tors DT0 and DT1 have select gate transistors SG0 and SG1
respectively connected thereto. The dummy transistors DT0'
and DT1' have gate electrodes connected to the respective
dummy word lines DWL0' and DWL1".

[Dummy Transistor Erase Verify Operation According to
Ninth Embodiment]

FIG. 26 shows the voltage application condition of the
memory cell array 1 in the dummy transistor erase verify
operation in this embodiment. In the dummy transistor erase
verify operation, the word lines WL0 to WL63 are applied
with the word line read pass voltage Vdv. In addition, the
dummy word lines DWL0 and DWL1 are applied with the
dummy word line read pass voltage Vdv_d. Then, the dummy
word lines DWL0' and DWL1' are applied with a dummy
word line read pass voltage Vdv_d'. The sense amplifier cir-
cuit S/A then detects the charge state or discharge state of the
bit lines BL based on current flowing to the NAND strings 4,
and thus confirms whether the dummy transistors DT0 and
DT0"and DT1 and DT1' are changed to the threshold voltage
distribution of the erased state.

The sequence control circuit 7 may arbitrarily set the value
of the word line read pass voltage Vdv. Thus, in the dummy
transistor erase verify operation, the stress applied to the
memory cells MC0 to MC63 may be reduced. In addition, the
sequence control circuit 7 may set the value of the dummy
word line read pass voltage Vdv_d to a value larger than the
voltage Vdv_d' (Vdv_d>Vdv_d').

FIG. 27 also shows the voltage application condition of the
memory cell array 1 in the dummy transistor erase verify
operation in this embodiment. In the dummy transistor erase
verify operation, the dummy word lines DWL0 and DWL1
are applied with the dummy word line read pass voltages
Vdv_d0 and Vdv_dl1, respectively. In addition, the dummy
word lines DWL0' and DWL1" are applied with dummy word
line read pass voltage Vdv_d0', Vdv_dl1', respectively. The
sense amplifier circuit S/A then detects the charge state or
discharge state of the bit lines BL based on current flowing to
the NAND strings 4, and thus confirms whether the dummy
transistors DT0 and DT0' and DT1 and DT1' are changed to
the threshold voltage distribution of the erased state.
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The sequence control circuit 7 may separately control the
dummy word line read pass voltages Vdv_d0 and Vdv_d1 and
Vdv_d0' and Vdv_d1'". In addition, the sequence control cir-
cuit 7 may also arbitrarily set the values of the dummy word
line read pass voltages Vdv_d0 and Vdv_d1 and Vdv_d0' and
Vdv_d1'. Thus, the dummy transistor erase verify operation
may be controlled finely.

[Effects]

The configuration of the dummy transistor according to
this embodiment may be applied to any of the above embodi-
ments. According to the nonvolatile semiconductor memory
device of this embodiment, the number of dummy transistors
DT provided in each NAND string 4 may be increased. The
memory cells MC adjacent to the select gate transistors SG0
and SG1 are easily degraded and their reliability is easily
reduced. According to the nonvolatile semiconductor
memory device of this embodiment, however, the memory
cell MCs may be distanced from the select gate transistors
SGO and SG1, thus improving the reliability of the memory
cells MC.

In addition, according to the dummy transistor erase verify
operation of this embodiment, the dummy transistor erase
verify operation may be controlled more finely.

Tenth Embodiment

With reference to FIGS. 28 and 29, a tenth embodiment of
the present invention will be described below. The entire
configuration of the nonvolatile semiconductor memory
device in the tenth embodiment is similar to that in the first
embodiment, and thus its detailed description is omitted here.
In addition, like elements as those in the first embodiment are
designated by like reference numerals, and repeated descrip-
tion thereof is omitted here.

In this embodiment, the nonvolatile semiconductor
memory device performs the erase verify operation to the
every other memory cell MC, unlike the above embodiments.
The erase verify operation confirms whether the memory
cells MC are changed to the erased state. With reference to
FIGS. 28 and 29, the erase sequence according to this
embodiment will be described below.

[Erase Verify Operation According to Tenth Embodiment]

FIGS. 28 and 29 show the voltage application condition of
the memory cell array 1 in the erase verify operation in this
embodiment. In the erase verify operation, first as shown in
FIG. 28, the sequence control circuit 7 controls the voltage
generation circuit 8 to apply the word line verify voltage Vv
(0V in FIG. 7) to the even word lines WLO, WL2, ... WL62.
The word line verify voltage Vv is higher than the threshold
voltage of the erased state of the memory cells MC. In addi-
tion, the sequence control circuit 7 controls the voltage gen-
eration circuit 8 to apply the read pass voltage VREAD to the
odd word lines WL.1, WL3, ... WL63. The read pass voltage
VREAD is a voltage that renders conductive the memory
cells MC. The sense amplifier circuit S/A then detects the
charge state of the bit lines BL. based on current flowing to the
NAND strings 4, and thus confirms whether the even memory
cells MC0, MC2, . . . MC62 are changed to the threshold
voltage distribution of the erased state.

Then, in the erase verify operation, as shown in FIG. 29, the
sequence control circuit 7 controls the voltage generation
circuit 8 to apply the word line verify voltage Vv (0 V in FIG.
7)to the odd word lines WL1, WL3, ... WL63. The word line
verify voltage Vv is higher than the threshold voltage of the
erased state of the memory cells MC. In addition, the
sequence control circuit 7 controls the voltage generation
circuit 8 to apply the read pass voltage VREAD to the even
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word lines WLO, WL2, . . . WL62. The read pass voltage
VREAD is a voltage that renders conductive the memory
cells MC. The sense amplifier circuit S/A then detects the
charge state of the bit lines BL. based on current flowing to the
NAND strings 4, and thus confirms whether the odd memory
cells MC1, MC3, . . . MC63 are changed to the threshold
voltage distribution of the erased state.

The two erase verify operations shown in FIGS. 28 and 29
may be used to confirm whether the memory cells MC are
changed to the erased state.

The dummy word lines DWL0 and DWL1 are applied with
the dummy word line read pass voltage Vv_d. The dummy
word line read pass voltage Vv_d is large enough to render
conductive the dummy word lines DWL0 and DWLI1. The
sequence control circuit 7 may also arbitrarily set the value of
the voltage Vv_d applied to the dummy word line DWL.
Thus, the erase verity operation may be controlled finely.
[Effects]

The erase verity operation according to this embodiment
may be applied to any of the above embodiments. The erase
verify operation of confirming whether the memory cells MC
are changed to the erased state may be performed to the every
other memory cell MC for more correct erase verify opera-
tion.

Some embodiments of the present invention have been
described, but these embodiments are shown by way of
example and are not intended to limit the scope of the inven-
tion. These new embodiments may be implemented in various
other forms, and subjected to various omissions, replace-
ments, and modifications without departing from the spirit of
the present invention. These embodiments and variants
thereof are within the scope and sprit of the invention, and are
also within the scope of the invention as defined in the
appended claims and the equivalents thereof.

What is claimed is:

1. A nonvolatile semiconductor memory device compris-
ing:

a memory cell array comprising a plurality of NAND

strings arranged therein, each NAND string comprising
a memory string comprising a plurality of memory cells
connected in series, and a dummy transistor connected
to at least one of two ends of the memory string;

a plurality of word lines connected to respective control

gate electrodes of the memory cells;

a dummy word line connected to a control gate electrode of

the dummy transistor;

a plurality of bit lines connected to respective first ends of

the NAND strings;

a source line connected to second ends of the NAND

strings; and

a control circuit performing an erase sequence, the erase

sequence repeating an erase operation to the memory
cells and the dummy transistor and an erase verify opera-
tion of confirming whether the memory cells and the
dummy transistor are changed to an erased state,

the control circuit being configured to be able to perform,

when the erase verify operation is unpassed, a dummy
transistor erase operation of selectively changing the
dummy transistor to the erased state and a dummy tran-
sistor erase verify operation of confirming whether the
dummy transistor is changed to the erased state.

2. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein

the dummy transistor is provided at each of the two ends of

the memory string.

3. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein
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the control circuit is configured to be able to determine, on operation, the first dummy word line voltage and per-
a basis of a number of erase operations in one erase form the erase operation to the memory cells.
sequence, whether to perform the dummy transistor 12. The nonvolatile semiconductor memory device accord-
erase operation and the dummy transistor erase verify ing to claim 1, \fvhereln ) )
operation 5 the control circuit applies, when performing the dummy

transistor erase operation, an erase voltage to a well in
which the memory cell array is formed and a second
dummy word line voltage to the dummy word line, and
the control circuit is configured to be able to arbitrarily

4. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein
the control circuit is configured to be able to determine, on

a basis of a number of write/erase cycles performed to 0 change the second dummy word line voltage.

the memory cell array, whether to perform the dummy 13. The nonvolatile semiconductor memory device accord-

transistor erase operation and the dummy transistor ing to claim 1, wherein

erase verify operation. the control circuit is configured to be able to repeatedly
5. The nonvolatile semiconductor memory device accord- perform, when the erase verify operation is unpassed,

the dummy transistor erase operation of selectively
changing the dummy transistor to the erased state and
the dummy transistor erase verify operation of confirm-
ing whether the dummy transistor is changed to the
erased state.
14. The nonvolatile semiconductor memory device accord-
ing to claim 13, wherein
the control circuit is configured to perform, after a prede-
termined number of dummy transistor erase operations,
the erase operation and the erase verify operation again.
15. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein
the control circuit is configured to perform, after one
dummy transistor erase operation, the erase operation
without performing the dummy transistor erase verity
operation.
16. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein
a plurality of dummy transistors are provided at a first end
of the memory string and at a second end of the memory
string respectively.
17. The nonvolatile semiconductor memory device accord-
ing to claim 16, wherein
the control circuit applies, when performing the dummy
transistor erase verify operation, a word line read pass
voltage to the word lines and a positive voltage to the
dummy word line, the positive voltage being lower than
the word line read pass voltage, and the control circuit is
configured to be able to arbitrarily change the positive
voltage applied to the dummy word line.
18. The nonvolatile semiconductor memory device accord-
ing to claim 17, wherein
the control circuit is configured to be able to control the
positive voltage applied to the dummy word line sepa-
rately at respective dummy word lines connected to con-
trol gate electrodes of the dummy transistors.
19. The nonvolatile semiconductor memory device accord-
ing to claim 16, wherein
the control circuit applies, when performing the dummy
transistor erase operation, an erase voltage to a well in
which the memory cell array is formed and a dummy
word line voltage to the dummy word line, and the
control circuit is configured to be able to arbitrarily
change the dummy word line voltage.
20. The nonvolatile semiconductor memory device accord-
ing to claim 1, wherein
the control circuit is configured to be able to perform, when
performing the erase verify operation, each of a first
erase verity operation to even numbered memory cells
ofthe memory string and a second erase verify operation
to odd numbered memory cells of the memory string.

ing to claim 1, wherein
the control circuit applies, when performing the erase
operation, an erase voltage to a well in which the
memory cell array is formed, a first word line voltage to
the word lines, and a first dummy word line voltage to
the dummy word line, the first dummy word line voltage ,,
being higher than the first word line voltage.
6. The nonvolatile semiconductor memory device accord-
ing to claim 5, wherein
the control circuit is configured to apply, when performing
the dummy transistor erase operation, an erase voltageto 5
a well in which the memory cell array is formed, a
second word line voltage to the word lines, and a second
dummy word line voltage to the dummy word line, the
second dummy word line voltage being lower than the
second word line voltage. 30
7. The nonvolatile semiconductor memory device accord-
ing to claim 5, wherein
the control circuit is configured to apply, when performing
the erase verify operation, a word line verify voltage to
the word lines and a positive voltage to the dummy word 55
line, the positive voltage being higher than the word line
verify voltage.
8. The nonvolatile semiconductor memory device accord-
ing to claim 7, wherein
the control circuit is configured to apply, when performing
the dummy transistor erase verify operation, a word line
read pass voltage to the word lines and a positive voltage
to the dummy word line, the positive voltage being same
as that in the erase verify operation.
9. The nonvolatile semiconductor memory device accord- 5
ing to claim 7, wherein
the control circuit applies, when performing the dummy
transistor erase verify operation, a word line read pass
voltage to the word lines and a positive voltage to the
dummy word line, the positive voltage being lower than 4,
the word line read pass voltage, and the control circuit is
configured to be able to arbitrarily change the positive
voltage applied to the dummy word line.
10. The nonvolatile semiconductor memory device accord-
ing to claim 7, wherein 55
the control circuit applies, when performing the dummy
transistor erase verify operation, a word line read pass
voltage to the word lines and a positive voltage to the
dummy word line, the positive voltage being lower than
the word line read pass voltage, and the control circuitis
configured to be able to arbitrarily change the word line
read pass voltage.
11. The nonvolatile semiconductor memory device accord-
ing to claim 5, wherein
the control circuit is configured to be able to change, on a
basis of a result of the dummy transistor erase verity L
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